monly involves the limbs, [3] [4] [5] [6] [7] [8] [9] [10] the orthopaedic surgeon has a significant role in making the diagnosis, and in carrying out urgent debridement and subsequent reconstruction. Success in avoiding a fatal outcome depends on prompt and radical debridement [8] [9] [10] [11] [12] [13] [14] [15] [16] and therefore early diagnosis is essential.
Necrotising fasciitis spreads widely and deeply with relative sparing of the skin and underlying muscles; the early symptoms and signs can therefore be non-specific and misleading. 9, 17, 18 Patients may present only with limb pain, slight swelling and minimal erythema. Differential diagnoses include cellulitis, deep-seated abscess, compartment syndrome and deep-vein thrombosis. A high index of suspicion is the key to successful management.
Patients and Methods
We reviewed retrospectively the records of 24 patients (15 men and 9 women) treated in our hospital between January 1992 and December 1998, with histologically-proven necrotising fasciitis of a limb. Their mean age was 59.8 years (5 to 86). The diagnoses made by the first attending orthopaedic surgeon are listed in Table I . Our ability to diagnose necrotising fasciitis correctly improved with time ( Fig. 1 ) and if it was suspected a physician, an orthopaedic surgeon, an anaesthetist, an intensive-care physician and a microbiologist became involved. Immediate resuscitation was instigated if the patient was in shock, as defined by a systolic blood pressure of less than 90 mmHg with an accompanying pulse rate of more than 100 per minute. A history of injury to the limb was sought and the time which elapsed between the onset of symptoms and admission. Blood was taken for haematological, bacteriological and biochemical investigation.
The affected limb was photographed and the edge of the affected area demarcated from the normal area where the skin showed no erythema, oedema or tenderness. Subcutaneous aspiration was undertaken at the most necrotic area for an immediate Gram stain and, without waiting for the result, a regimen of intravenous antibiotics, including penicillin G, clindamycin and ciprofloxacin, was commenced.
Radical debridement was undertaken promptly. The amount of skin removed depended on the extent of involvement and the viability of the tissue. We have become increasingly aggressive when performing debridement in the hope of bringing the infection under control at the first operation. We often observed a discrepancy between the involvement of the skin and that of the underlying fascia. Viable skin covering definitely necrotic fascia was almost the rule. Skin of doubtful viability, with the underlying fascia involved, was laid open for inspection at a 'secondlook' procedure. All involved fascia was removed and the (Table II) , but we must emphasise that they are not a strict protocol. Each surgeon made the final decision for amputation after discussion between colleagues and the patient in the presence of his or her relatives. All surgical specimens were subjected to microbiological and histological examination and the criteria of Stamenkovic and Lew 18 were used when making the diagnosis.
Antibiotics were adjusted according to the results of the initial Gram stain and finally confirmed by the sensitivity of the bacteria on culture from the surgical specimens.
Because of the relatively small sample size, Fisher's exact test was used to evaluate the statistical differences. Continuous variables were compared using Student's t-test. All calculations were done using the software SPSS (SPSS Inc, Chicago, Illinois).
Results
Our teaching hospital serves a population of 650 000 and the mean yearly incidence of necrotising fasciitis between 1992 and 1998, was 0.53 per 100 000 population. The clinical features on admission are summarised in Table III. Of the 24 patients, 19 (79.2%) were in toxic shock when first seen. The most consistent symptom, severe pain at the affected site, was present in all patients. The affected area was exquisitely tender to touch and generalised swelling of the limb was observed in 14 patients (58.3%). The skin often appeared normal in the early phase of the infection, but subsequent changes followed a typical pattern. Erythema was present from the start in 12 patients (50%) and its colour changed from a bright red to a dull, dusky tone. Later necrosis of the skin with haemorrhagic bullae was seen. Absence of sensation in the skin of the most necrotic area was often observed. Oedema of the skin (peau d'orange), which is usually found in cellulitis, was only observed in three patients (12.5%).
The arm and leg were affected in 12 patients each. Although on admission most of the infections began in the distal portion of the limb, some (case 17) started at the thigh or upper arm, or even at the trunk-limb junction (case 12). The level of involvement on admission had a significant effect on the rate of mortality. We undertook debridement on 23 patients, but failed to resuscitate one (case 23) who had profound shock and liver failure at presentation. Radical debridement took the form of amputation above the lesion in 11 patients (45.8%). An index finger of one patient (case 2) was amputated because all the flexor tendons were involved. Two shoulder disarticulations (cases 1 and 7) and one below-knee amputation (case 3) were carried out because the infection had extended rapidly from the distal part of the limb, with extensive skin necrosis. In three patients (cases 4, 5 and 21) amputation was undertaken because of septicaemia and profound shock. Ischaemia may have been the major contribution to necrotising fasciitis in two patients (cases 10 and 16), and amputation was inevitable. It was considered to be life-saving in two patients (cases 19 and 22) who were admitted with end-stage hepatic cirrhosis and poorly controlled diabetes mellitus. In one patient (case 8) the gastrocnemius was not viable and a below-knee amputation was undertaken to complete the debridement. For other patients, radical debridement of the non-viable skin, fat and deep fascia was undertaken, and was repeated for a mean of 3.7 times to complete the ablation of necrotic infected tissue in 12 patients. The extent of skin involvement cannot be used as a guide to debridement. In all of our cases, fascial involvement extended considerably beyond that outlined by involvement of the skin. We found a useful guide to the extent of debridement to be the resistance of the tissue plane. In healthy tissue, the resistance between the fat and the deep fascia requires dissection using an instrument such as a pair of Metzenbaum scissors. In necrotic tissue, the plane can easily be separated by the finger with minimal force. The appearance of the deep fascia varies between dull red and greyish-white, depending on the time scale, in contrast to the shiny white colour of viable fascia. The brownish necrotic subcutaneous fat is usually bathed in foul-smelling, grey oedematous fluid ('dish-water pus'). 1 Deep red, fine lines drawn on the junction between skin and superficial fascia indicated thrombosis of the capillaries.
Diabetes mellitus and cirrhosis of the liver were present in seven patients (Table I) .
The organisms which were found most frequently were Streptococcus pyogenes (Lancefield group A) which was found in nine patients and Vibrio vulnificus in six. Death was the outcome in three women and five men (Table I) giving a mortality rate of one third (95% CI 16 to 55). The most important prognostic indicator was the level of involvement in the limb on admission. Half the patients showed infection in the proximal part. The mortality rate of this group was 58.3% (7 of 12). For patients in whom the distal portion only was involved, the rate was 8.3% (1 of 12). The difference is significant (Table IV) . All four patients in whom the infection had spread proximally to involve the trunk (cases 1, 7, 12 and 22) died (Table I) . Of those who survived (16) six had an amputation, but five of the eight who died had also had this procedure. The difference in the mortality rate between the amputated and the non-amputated group is not significant ( Table IV) . The mean age of the survivors was 56.5 years (5 to 80, SD 21.0); that of the deceased was 66.1 years (40 to 86, SD 15.6). With the small numbers available, no significance emerges from this 9.6 year discrepancy (Student's t-test, p = 0.22). Of the patients with complicating medical conditions, three out of the seven with hepatic cirrhosis and five of the seven with diabetes mellitus survived the infection, but of the three patients with both of these conditions, only one survived. The relationship between mortality and other factors is summarised in Table IV.
Discussion
Necrotising fasciitis affecting a limb is an orthopaedic emergency which requires prompt recognition and aggressive excision of affected tissues. [8] [9] [10] [11] [12] [13] [14] [15] [16] The diagnosis, however, is a challenge; 13, 18, 19 the infection is usually confused with a milder condition such as cellulitis. 5, [20] [21] [22] Various aids for reaching an early diagnosis have been suggested but the key is a high level of suspicion. Fisher et al 23 found clinical examination to be relatively insensitive in the detection of subcutaneous gas compared with plain radiography. Wysoki et al 24 suggested that CT is better at detecting subcutaneous gas, which is, however, not invariably present in affected tissues. 13 A hyperintense signal on a T2-weighted spinecho MR signal at the deep fascial plane was considered by Brothers et al 25 thought it to be non-specific, and present in non-necrotising conditions such as cellulitis and an abscess.
Reliance upon adjunctive diagnostic tests may delay operative treatment. 5 We believe that an accurate diagnosis of the infection can be made clinically and that no investigation can replace meticulous and repeated physical examination. This is reflected in our improved rate of correct initial diagnosis with experience (Fig. 1) . The description of the sequence of signs in the literature is confusing. In 1924, Meleney 6 documented 20 cases of haemolytic streptococcal gangrene which we now believe to be necrotising fasciitis. He described rapidly developing inflammatory skin lesions, including heat and erythema, as the early clinical features. Weiss and Laverdiere 20 suggested that the formation of bullae was an early sign. In cellulitis, infection begins at the junction between the dermis and superficial fascia but in necrotising fasciitis it starts at the level of subcutaneous fat and deep fascia, 1, 18 and the epidermal and dermal layers are spared in the early stage.
1 Oedema of the epidermal and dermal layers (peau d'orange) and erythema of skin are therefore not initially obvious. Exquisite pain without obvious skin signs, 1 more usually described as pain out of proportion to the physical findings, may therefore be the only early indication. Thrombosis of the vessels to the skin will lead to necrosis and the severe pain will fade as the nerves die. Therefore, anaesthesia is present in the most necrotic area while the surrounding tissues remain very tender. Organisms causing necrotising fasciitis produce potent pyogenic exotoxins such as those from Streptococcus pyogenes, 28, 29 and cytolysin by species of Vibrio. [30] [31] [32] When released into the blood they are responsible for hypotension, multiorgan failure and disseminated intravascular coagulation. 33 In our series, hypotension was a consistent sign at presentation and therefore valuable in differentiating necrotising fasciitis from severe cellulitis. The operative findings, including necrosis of the subcutaneous fat (brownish) and fascial plane (greyish), loss of the normal resistance of the tissue plane and 'dish-water' pus, are the results of liquidative enzymatic necrosis. We have not found amputation to correlate with survival (Fisher's exact test, p = 0.39). It should be noted, however, that surgeons are more likely to amputate in more severely affected cases and therefore skew the mortality rate. Amputation is usually a shorter procedure associated with less blood loss than a radical debridement of the skin and fascia. Patients in profound shock requiring inotropes and those with severe concurrent medical diseases may not tolerate a protracted operation. Amputation requires less, if any, further reconstructive surgery. Nevertheless, the decision to amputate must be made with great caution in those patients who have very proximal involvement, particularly when the infection has reached the trunk. In these cases, the mutilating procedure may not control the infection or improve the chances of survival.
Early and aggressive debridement of the involved skin, subcutaneous fat and fascia is considered to be the single most important treatment. Antibiotics may not reach the necrotic tissue because of thrombosis of the vessels. We found that the most reliable guide to the extent of spread was the loss of normal tissue resistance. When considering the extent of the surgical debridement both necrotic skin and fascia must be excised. Extensive exploration is required since it is common to find necrotic fascia covered by relatively normal erythematous skin. A radical debridement of the necrotic fascia alone, without excising the skin, may be all that is required to decompress the area.
The mortality rate in our series (33.3%; 95% CI 16 to 55), compares favourably with that of other published series. The worldwide mortality rate, which can be as high as 76%, 18 reflects the severity of the infection and has been related to age, the percentage of body surface involved, the presence of systemic acidosis and hypotension, 14 as well as the time delay between admission to hospital and surgical debridement. 2, 5, [12] [13] [14] [15] [33] [34] [35] [36] Our patients with involvement of the proximal part of a limb at the time of admission had a high mortality rate (Fisher's exact test, p = 0.027) which may imply a longer period from the onset of the disease to presentation and therefore an increased delay in instigating treatment. In contrast to the Ontario series, 28 the mortality rate in our study did not correlate with advanced age (Student's t-test, p = 0.22), or with concurrent medical disease, unless two or more metabolic conditions coexisted. We conclude that the diagnosis of necrotising fasciitis should be considered with a high index of suspicion in patients who present with unexplained limb pain. Even experienced clinicians may have difficulty in making the diagnosis, particularly in the early phase of the disease. It is differentiated from less serious conditions, such as cellulitis, by the knowledge of the pathological sequences and by meticulous and repeated physical examination. If the diagnosis is suspected, surgical exploration of the subcutaneous fat and deep fascia becomes an emergency. We recommend a low threshold for surgical exploration and radical debridement of the infected tissues, disregarding the patient's age and the presence of concurrent medical diseases. The seriousness of the situation must be conveyed to the patient and the relatives, particularly when the involvement is proximal.
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